Monoclonal rat antibodies were produced against a subcellular preparation of phorbol 12-myristate 13-acetate (PMA)-stimulated guinea pig neutrophils that retains NADPH-oxidase activity. Two antibodies, 1A10.4 and IG4, were isolated that bind'to a surface antigen restricted to guinea pig nettrophils from bone marrow and peritoneal exudate and to macrophages and that trigger a respiratory burst in neutrophils in the presence of cytochalasin B. Intact antibody 'lA10.4, subclass IgG2c, can trigger superoxide anion release directly; F(ab')2 fragments of 1A10.4 and intact IG4 require further'cross-linking by F(ab')2 fragments of anti-rat immunoglobulin antibody. Lymphocytes were prepared by depleting a lymph node suspension of adherent cells. Bone marrow cells were prepared by flushing the femoral marrow cavity with Dulbecco A phosphate-buffered saline (PBS). Erythrocytes were lysed in 0.2% NaCl or distilled water. Differential counts were performed with Giemsa stain. The 20-hr peritoneal exudate contained >95% neutrophils. Rat neutrophils and mouse bone marrow cells were prepared as above.
These studies indicate that the antigen defined by antibodies 1A10.4 and IG4 becomes associated with the superoxide anion-generating system of neutrophils but may play a more general role in signal transduction in phagocytic cells.
Phagocytosis of opsonized particles and microorganisms by neutrophils and macrophages (MO) is accompanied by increased cyanide-insensitive oxygen consumption, the respiratory burst (RB) (1, 2) . The generation of superoxide anion (02) during the RB is the crucial and flux-generating step of oxidative killing by these cells. 0°dismutes to H202 and various reactive oxygen intermediates are produced. O2 is formed by a poorly characterized electron transfer complex in the membranes of phagocytic cells, the NADPH oxidase (3) . Subcellular macromolecular aggregates that retain NADPH oxidase activity have been isolated from phorbol 12-myristate 13 -acetate (PMA)-stimulated guinea pig neutrophils (4) . To shed light on the components of the oxidase complex and its regulation, we have raised monoclonal antibodies (Ab) to such material. In this report we describe monoclonal Ab to a component of the oxidase preparation that bind to a surface antigen on intact guinea pig neutrophils and trigger a RB.
MATERIALS AND METHODS Cells. Guinea pig leukocytes were elicited from 350-g Hartley guinea pigs of either sex by intraperitoneal injection of sterile 1% casein in normal saline. Neutrophils were harvested by peritoneal lavage after 20 hr, M,+ after 4 days.
Lymphocytes were prepared by depleting a lymph node suspension of adherent cells. Bone marrow cells were prepared by flushing the femoral marrow cavity with Dulbecco A phosphate-buffered saline (PBS). Erythrocytes were lysed in 0.2% NaCl or distilled water. Differential counts were performed with Giemsa stain. The 20-hr peritoneal exudate contained >95% neutrophils. Rat neutrophils and mouse bone marrow cells were prepared as above.
Production ofMonoclonal Ab. AO rats were immunized and boosted four times (5) with fractions ofguinea pig neutrophils with NADPH-oxidase activity. These were prepared according to Serra et al. (4) by extraction with 0.3% deoxycholate of active subcellular particles from PMA-stimulated neutrophils. The solubilized activity was further purified by chromatography on an Ultrogel AcA 22 column and isopyknic glycerol gradient centrifugation. Monoclonal Ab were obtained from a fusion between one of these rat spleens and the nonsecreting hypoxanthine phosphoribosyltransferase-negative rat myelomna line Y3, the kind gift of C. Milstein (Cambridge, U.K.). The fusion protocol was essentially that of ref. 6 (5) .
Site Analysis. The 1A10.4 F(ab')2 was iodinated by using chloramine-T (5). Site number was determined in two independent experiments by a single-step tube binding assay in triplicate. Cells (2 x 106) were incubated for 60 min at 4°C with a trace of iodinated 1A10.4 F(ab')2 and a saturating excess (0.225 mg/ml) of unlabeled 1A10.4 F(ab')2 prior to washing and measuring radioactivity. Maximal competition of unlabeled for iodinated F(ab')2 occurred at Ab concentrations of 80 ,g/ml.
NaDodSO4/PAGE and Immunoblotting. Samples for gel electrophoresis were boiled in 1% NaDodSO4/0.5% 2-mercaptoethanol prior to separation on 5-20o polyacrylamide gels in the system of Wyckoff et al. (10) . Gels were electrophoretically transferred to nitrocellulose membranes (Schleicher & Schuell BA 85) in 25 mM Tris/192 mM glycine containing 20% (vol/vol) methanol, using a Bio-Rad Transblot cell at 60 V for 3 hr (11). With 0.7 mm gels, almost complete transfer was obtained as assessed by staining gels with Coomassie blue after blotting. The presence of antigen on nitrocellulose blots was demonstrated by indirect immunoassay at room temperature. All buffers contained 0.2% Tween 20. The blot was incubated with 3% bovine serum albumin in PBS for 1 hr, overlaid with hybridoma supernatant for 2 hr, and washed with PBS containing 10 mM NaN3 and 0.5% bovine serum albumin (five changes over 30 min) before incubation with 125I-labeled OX12 F(ab')2 for 1 hr. After extensive washing, the blot was dried and exposed to prefogged Kodak direct exposure film at -70°C.
Immunoprecipitation of the Oxidase Complex. Detergentsolubilized preparations with NADPH-oxidase activity were incubated overnight at 4°C with various hybridoma supernatants. RAR-Sepharose presorbed with 4% rabbit serum was then added. After 3 hr the beads were separated from supernatant, washed, and assayed for oxidase activity (4 (Fig. 1B) . Fig. 2A (Fig. 1A) , binding of the F(ab')2 alone failed to trigger the RB (Fig. 2B) . However, high rates of O-release were obtained by cross-linking the 1A10.4 F(ab')2 after binding, using OX12 F(ab')2. The second Ab alone had no effect on°2 release. The maximal rates of 02 secretion triggered by intact 1A10.4 and its F(ab')2 are listed in Table 1 All Ab were used at saturating concentrations. Results are mean ± 2SD of at least three independent kinetic assays except for that indicated by *, in which two independent experiments were performed. ND, not done. of 1A10.4 IgG to glutaraldehyde-fixed guinea pig neutrophils would opsonize these targets and induce an Fc-mediated RB in live neutrophils. Target neutrophils were incubated with saturating amounts of 1A10.4 IgG for 1 hr at 40C. After washing, surface-bound Ab could be detected with an iodinated second Ab. In the reaction mixture 4 x 106 of these coated cells were presented to 106 live guinea pig neutrophils at 37°C. Though these cells had a competent RB when challenged either with PMA or 1A10.4 in solution, the surface-immobilized Fc failed to trigger the RB. There was sufficient Ab in the system to trigger a maximal RB on live targets (data not shown). This result, taken with the crosslinking experiments and species specificity of triggering, indicates that 1A10.4 triggers O2 release by an antigen-Ab interaction rather than via Fc receptors.
Biochemical Analysis of the Antigen Identified by 1A10.4 and IG4. Nature of the antigen and its role. The antigen recognized by both Ab 1A10. 4 and IG4 has been demonstrated in Triton X-100 lysates (1%) of guinea pig neutrophils and Mo. Samples were separated on NaDodSO4/5-20% PAGE and blotted onto nitrocellulose, and the antigen was visualized by indirect radioimmunoassay. Fig. 3 JA10.4 precipitates oxidase activity. A close association between 1A10.4 antigen and the oxidase complex was suggested by the ability of 1A10.4 Ab to immunoprecipitate oxidase activity. A detergent-solubilized NADPH-oxidase preparation was incubated with 1A10.4 hybridoma supernatant, supernatant from a nontriggering hybrid, or medium alone. The Ab was precipitated with RAR-Sepharose and the beads were assayed for oxidase activity. In the average of two experiments, precipitated oxidase activity was 1.45 nmol/30 min with 1A10.4, 0.36 nmol/30 min for the other hybrids, and 0.26 nmol/30 min for medium alone. Control experiments showed that Ab 1A10.4 did not influence NADPH-oxidase activity directly. These studies indicated that 1A10.4 antigen was associated with the oxidase complex in deoxycholate-solubilized material.
Surface expression of JAJO.4 antigen increases on treatment with PMA and CB. To learn more about the distribution of antigen 1A10.4 in intact cells, peritoneal exudate neutrophils were stimulated for 90 sec at 370C in KRPG with PMA at 200 ng/ml, CB at 5 Ag/ml, or both agents and site numbers on the cell surface were measured in a single-step binding assay at saturation. For the purposes of calculation, binding was assumed to be monovalent at saturating concentrations of 1A10.4 F(ab')2. A molecular mass of 100,000 kDa was assumed for the F(ab')2. On the average, 3 antibodies to many neutrophil surface components, yet none of these antibodies could trigger a RB. It was for this reason that we then used a more restricted immunogen even though the oxidase preparation contained many components (4 (20, 21) . Our strategy differed in that having found that immunization with whole cells was ineffective in generating Ab with the specific function of triggering 0°release, we elected to use a more restricted antigen. We suggest that this approach is more likely to allow efficient production of Ab with predefined function. In the event, we identified an antigen that is physically associated with the macromolecular complex with oxidase activity but is also involved in the triggering of other neutrophil responses such as degranulation. The nature of the antigen, its association with components of the RB complex, and its role in signal transduction in phagocytic cells remain to be determined.
